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 Papers discussed in this thesis

This thesis is based upon the work presented in the papers that
constitute the second part. They will be referred to in the text with the
Roman numerals I-IV.

I: Addition of Secondary Amines to Maleimides and Maleamic Esters
Jan Bergman and Thomas Brimert Acta Chemica Scandinavica, In press.

II: Synthesis of 5- and 7-nitro-3-hydroxy-2-quinolones
Jan Bergman and Thomas Brimert Manuscript.

III: Synthesis of Some Dinitrodiazoquinones
Jan Bergman and Thomas Brimert Tetrahedron, Submitted.

IV: Synthesis and Reactions of gem-Dinitro Heterocyclic Compounds
and their Ring Opening Reactions
Jan Bergman, Solveig Bergman and Thomas Brimert Manuscript.
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Introduction

Alchemy as the origin of modern chemistry

Chemistry is one of the oldest sciences. There has always been a strive for
people to understand the various phenomena that they meet in their daily lives
and many of these are chemical processes. Thus brewing of alcoholic beverages,
baking of bread, conserving of foods, dyeing, tanning of skin and the use of
herbal cures for various diseases etc must have been the fields of human
interest where it all started.

Chemistry have also, throughout the history, been intimately linked to
religious practises. The ancient Egyptian civilisation used quite
sophisticated chemistry in various fields such as metallurgy, medicine,
production of papyrus for writing and food technology, but today we
probably remember them for their practise of balming the dead, a process
that prerequisites a great deal of chemical knowledge.

Although the origin of Alchemy is unknown to us, it most probably
reached Europe from Egypt, via the Arabic and Jewish (Kabalah) traditions.2
I also found it very striking that the concept of Alchemy can be found in
such diverse parts of the world as China, India, Africa and Europe at a time
when these areas are supposed to have had very little contact with each
other. I guess that the rise of Alchemy is a logical consequence of the fruitful
combination of primitive chemistry (e. g. conser-ving of food, use of dyes
etc) with religion. The chemical processes that are familiar to us and takes
place with ordinary material objects, then acts as symbols for processes
supposed to take place in our souls. This is reflected in our language. The
word alcohol comes from the arabic word for demon. A synonym for alcohol
is spirit, which could also mean demon.

 Alchemy, you probably say, is The Art of Goldmaking. The transformation
of i. e. lead to gold could then represent or symbolize the transformation of
the lower mortal life into the immortal life of the Spirit. But the actual
production of gold was not any important goal for the Alchemists, even
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thuogh they did acknowledge the phenomenon, but then only as a trifle and
incidently.

In view of what I just said one might ask how Alchemy, being a process
of the soul, could give rise to the totally materialistic science of
contemporary chemistry? Eventually people not initiated in the spiritual
doctrines of Alchemistry wanted to use this art of goldmaking simply
because they were greedy and ambitious. There appeared many pseudo-
alchemists who began to do chemical experiments with the aim of finding
the philosofers stone wherewith they would be able to transform base metals
into gold or gain eternal life. These early chemists often became ‘employed’
by rich nobles who provided the necessary facilities in exchange for
promises of gold.3

This feverish activity was of course not without results. A great deal of
chemical knowledge was accumulated and with the advent of industrialism
in the 18th century, this knowledge was exploited and money was made
out of it. Thus one might perhaps say that they actually managed to make
gold in the end. Anyway, the modern concept of chemistry was born and
during the 19th and 20th centurys this field has grown to be one the most
important scientific fields of our society.

Organic Chemistry

The term organic chemistry began to be used in the late 18th and early
19th centuries by distinguished chemists as Torbern Bergmann and J. J.
Berzelius. They used this concept to indicate chemistry of materials
produced by (living) nature in contrast to inorganic chemistry which dealt
with minerals, water and salts etc. The organic substances were believed to
be ensouled by some mysterious Vital Force. This is clearly reflected in the
story of the creation of man as we can read it in the Bible.4 God creates a
lifeless form of clay (inorganic) which he animates with his own breath,
producing Adam (a clearly organic creature).

This theory of the animating life force was eventually and gradually
abandoned when more and more evidence was gathered showing that
organic materials can be synthesized from simple inorganic compounds
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without the involvement of any mysterious life-force. Thus, Wöhler made
the famous synthesis of urea (organic) by simply heating ammonium
cyanate (inorganic) in 1828.

The term organic chemistry then came to denote the chemistry of
compounds containing carbon, since this element was found in all
compounds isolated from living organisms. Gmelin states 1848 in his
Handbuch, that carbon is the essential constituent of organic compounds.
And ever since, chemistry has been totally separated from any religious
influences. Interestingly though, metaphysics and chemistry have again
begun to close in on each other with the arise of quantum chemistry and
quantum physics, but that is another story.5

History of nitro chemistry

Nitro chemistry is from a historic point of view intimately connected
with the chemistry of explosives and propellants. Ever since the first
description (in Europe) of black powder (a mixture of an inorganic nitrate,
coal and sulfur) by Roger Bacon (1214-1292),6 much effort has been put in to
the search for more efficient and safer materials for the use in both military
and civil applications. Especially here in Sweden we have a very strong
tradition in this field. Thus nitroglycerin (glyceryl trinitrate) 1 was first
prepared by the Italian chemist Ascanio Sobrero (1812-1888) in the year
1846, who treated glycerin 2 with a mixture of nitric and sulfuric acids
(scheme 1), but it was Alfred Nobel (1833-1896) who managed to prepare a
safe and convenient formulation of this extremely sensitive and dangerous
material. He introduced dynamite, a mixture of nitroglycerine and
kieselguhr that he patented in 1867.2

OH

OHHO

ONO2

ONO2O2NO

2 1

HNO3 
H2SO4

Scheme 1: Synthesis of nitroglycerin.
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Two other perhaps less well known Swedish chemists worth mentioning
in this context are C. J. Ohlsson and J. H. Norrbin. In 1867 they patented an
explosive they called ammoniakkrut, consisting mainly of ammonium nitrate
(AN). Ammonium nitrate is today still one of the most used civilian
explosives for large applications such as building tunnels and roads etc.

During the 20th century we have observed an ‘explosion’ in the number
of inventions in the field of explosives technology and this is of course
triggered by the two world wars and the demand for more specialised
explosives and propelling agents in various weapon systems. The two
major fields of interest have been polynitro aromatics and nitramines.

Apart from these more violent applications, nitro chemistry has become
a very important tool in other fields, such as medicinal chemistry, due to the
fact that a nitro group can be very conveniently transformed into other
functionalities (i.e. reduction to amine, which in turn may be converted into
a range of functional groups) and also due to its activating properties,
which will be dealt with later in this thesis.

In this context, I recall that when I was about nine years old, I found out
that my grandmother ate pills containing nitroglycerin, and I could not
make any sense of this. Nitroglycerin, I thought was an explosive. Today,
however I understand more, thanks to recent biochemical research, that has
shown that nitric oxide, a metabolite of nitroglycerine, acts as a signal
substance in our organism, particularly involved in processes of the blod
and the heart. These discoveries were also rewarded with
this years Nobel prize.7

Nitration of organic molecules, and especially aromatic
ones, were one of the first and most widely used
synthetic methods of early organic chemistry, as it is to
this date.

The term nitration is then defined as a process wherein a nitro group is
connected to a carbon or a heteroatom (e. g. nitrogen to form nitramines, or
oxygen to form nitrates) by reacting an organic compound with some
nitrating agent (e. g. nitric acid). The first nitration was probably carried out
by Faraday in 1825,8 when he treated benzene , then a compound recently

NO2

3
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discovered by Faraday himself, with nitric acid and obtained an almond
smelling product, i. e. nitrobenzene (3).

This compound was actually also the cause of one the first health hazard
scandals due to chemical industry. Charles Mansfield (1819-1855) patented
the preparation and use of nitrobenzene as a synthetic perfume (known as
oil of mirbane). Unfortunately nitrobenzene 3 is very toxic and many deaths
were caused by the use of it as a perfume (figure 1).9

The method of using a mixture of nitric and sulfuric acid (mixed acid)
was soon thereafter introduced and has ever since been the most commonly
used technique for introducing the nitro functionality in organic molecules.
The role of sulfuric acid was believed to remove the water produced in the
reaction, which otherwise would dilute the reaction mixture.

A plethora of methods for the introduction of the nitro functionality has
since then become available to the organic chemist to choose from10 but I
will restrict myself to give a brief introduction to the mixed acid nitration
since it is the main method used in this work.

Theory of Nitration

The structure of nitro compounds

So far I have drawn the structure of the nitro group simply as -NO2 and
I will continue to do so most of the time. This is of course a much simplified
picture and a more detailed description is depicted in figure 2.

O

N
R O

O

N
R O

5a 5b

Figure 1: The structure of nitro compounds.

In this picture R stands for any arbitrary functionality. For instance if R =
OH we have nitric acid and if R = phenyl we have nitrobenzene 3. In figure
2 we find a representation of the nitro group drawn as a resonance hybrid
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of two contri-buting structures 4a and 4b, meaning that the real structure is
a mixture of, or something between the two drawn ones.

From this we can see that the nitrogen has a formal positive charge and
that the oxygens are negatively charged. This reflects the electron
distrubution in the molecule since oxygen is the more electronegative
element, it sort of borrows some electron density from the nitrogen which
will become partially positively charged.

We will also understand that the substituent R will feel this partial
positive charge and try to donate some of its electrons to compensate for
this. Let us look at 2-nitrotoluene (5), which is shown with some of its
possible resonance structures in figure 2.11

N
O

O

N
O

O

N
O

O
N

O

O

Figure 2: Resonance structures of 2-nitrotoluene

What the molecule looks like in reality depends on the actual interactions
between the different atomic orbitals of the atoms it is constituted of. The
resonance representation of a structure implies among other things
planaraty (or at least should the atoms that are involved in the resonance be
so). This means that to the same amount that the nitro group cannot assume
a co-planar conformation with the aromatic ring, the resonance effect will be
diminished accordingly. This is not the case with the inductive effect, which
is independent of the torsional angle. As we will se later, the introduction of
substituents ortho to the nitro group can prevent such a coplanar structure,
something that will effect both the chemical and physical properties of the
compound,12 This phenomenon has been used to tune the reduction
potential of certain selective antitumor agents.13
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Due to the different
resonance contributors
the phenyl ring becomes
partly positively charged
in the 2, 4 and 6
positions relative to the
nitro group, and hence
these positions are said
to be deactivated in the

sense of being less reactive in electrophilic aromatic substitutions. This is
called a resonance effect.

Furthermore, all positions in the ring are deactivated from the general
electron withdrawing effect of the nitro group which stems from the fact
that both nitrogen and oxygen are more electronegative than carbon. Thus
the electrons in the ring are somewhat drained towards the nitro group.
This is an inductive effect. For a more comprehensive discussion of
inductive effects and resonance, see references 14 and 15.

Another peculiarity of nitro compounds is their ability to tautomerize.
This means that a compound like e. g. 2-nitrotoluene can
exist in two different forms, either as 5a or as 5b (shown in
figure 3). The later form is called a nitronic acid.16

In our example of nitrobenzene, the result of the
inductive effect will be that it is less prone to undergo a
second nitration. Furthermore, the 2, 4 and 6 postions will
be further deactivated due to the resonance effect.
However, we can accomplish a second nitration of
nitrobenzene by using harder conditions (stronger acids and higher
temperatures) and thus obtain 1, 3-dinitro-benzene 6.

The mechanism of mixed acid nitrations

The development of the theoretical basis of organic chemistry that we
have today stem to a large part from the studies of aromatic substitution
reactions, and particularly aromatic electrophilic nitration is one of the most

5a

NO2 N
OH

O

5b

Figure 3: Tautomerism of 2-
nitrotoluene.

NO2

NO2

6
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studied examples in this family of very important reactions. The knowledge
stemming from this has provided us with a relatively detailed and complex
picture of the mechanism of electrophilic aromatic nitration. But if we
restrict our discussion to the reactions performed in strong mineral acids
(i.e. sulfuric acid) the picture becomes somewhat simplified.

Let us first consider the nature of nitric acid itself. From studies of
variations in the freezeing point of mixtures of nitrogen pentoxide and
water, as well as various spectroscopic studies and conductivity
measurements of nitric acid at different concentrations, it is known that
nitric acid exists in an equilibrium with the nitronium ion 7 (scheme 2).17

2 HNO3 NO2 H2ONO3

7

Scheme 2:

It is the nitronium ion that is the reacting electrophile. In our example of
the synthesis of nitrobenzene the mechanism could be drawn as indicated in
scheme 3.18 The very electron-deficient nitronium ion attacks the electron
rich π-system of the benzene, forming a so called arenium ion, which is
resonance stabilised. This species could then either eliminate the nitronium
ion (leading back to the starting materials) or lose a proton to give the
nitrobenzene product.

The second alternative, being more exothermic, is energetically more
favoured than the first. The reaction will release a great deal of heat and this
will cause the reaction mixture to rise in temperature if not cooled. Since the
reaction rate will increase as the temperature rises, one can easily imagine
that the reaction can run out of control, eventually ending in an explosion.

The formation of the arenium ion and the following proton elimination
are very rapid in comparison with the formation of nitronium ions, which is
the rate limiting step in the overall process.
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NO2 NO2

H

NO2

H

NO2

H
NO2- H

Scheme 3:

If we now perform the nitration in sulfuric acid another equilibrium will
be present to provide the nitronium ion.

2 H2SO4 NO2 H3O 2 HSO4

7

HNO3

Scheme 4:

In concentrated sulfuric acid practically all the nitric acid will be
converted to nitronium ions, thus the efficiency of this medium as solvent in
aromatic nitrations.

The nitramine rearrangement
A case when the mechanism depicted above becomes too simple to

explain the results, is the nitration of deactivated aromatic amines. In this
case the nitration may occur on either the carbon or the nitrogen. With
substances that carries strongly electron withdrawing subsituents, such as
4-nitroaniline, the formation of the arenium ion becomes considerably
slower and N-nitration becomes more feasible. A product from such a
reaction could then be exemplified (scheme 5) by the N,4-dinitroaniline 8.

These types of compounds are however rarely isolated from the acid
catalysed nitrations, since they very quickly rearrange to form the ortho- or
para- C-nitro product (if any of these positions are free), i.e. 9. There are
more convenient methods to obtain N-nitramines (if one wants to isolate
them) such as the alkyl nitrate nitrations19 performed under strongly basic
conditions, or the use of trifluoro acetyl nitrate in dichloromethane
solution20 etc.21 The mechanism of the nitramine rearrangement is however
still under debate. One hypothesis (called the ‘cartwheel’ mechanism)22

suggest that the rearrangement is a concerted intramolecular reaction, very
much resembling the well known Claisen rearrangement.23 The most
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accepted hypothesis however, is the ‘solvent caged radical-pair’
mechanism.22

NH2

9

NH2 NH
O2N

NO2

NO2

NO2 NO2

8

Scheme 5: An example of the nitramine rearrangement.

Acidity of nitro compounds

Another consequence of the inductive and resonance effects discussed
above, is that α-protons on alkyl groups of nitro compounds will be more
acidic than the corresponding non-substituted compounds.24 This is
especially so when the alkyl group is situated so that the corresponding
anion can be effectively stabilised by resonance with the nitro group, a
phenomenon called delocalisation. Thus, methane has a pKa of 48,
nitromethane 10, a pKa value of 10.2 and dinitromethane 11 a pKa of 3.6!25

The corresponding anion 12 of nitromethane is shown with its two
resonance possibilities in figure 5. Similarily toluene (13) has a pKa value of
41 whereas 4,4’-dinitrodiphenylmethane (14) has a pKa value of 15.9.24

These values should be compared with those of i.e. water (pKa = 15) and
acetic acid (pKa = 4.5).

It should also be noted that the acidity of nitronic acids are considerably
stronger than for the parent nitro compounds (hence the name acid), e. g.
the pKa of the aci-form of nitromethane is 3.326 (c. f. the value for
nitromethane given above).
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NO2
H

H
H NO2

H

H

N
H

H O

O

NO2
O2N

H
H

10 12a 12b

11

O2N

H H

NO2

1413

Organic synthesis facilitated by nitro groups

The property of nitro compounds being acidic can be very useful to the
organic chemist. Reactions that proceed via carbanionic intermediates can
be appreciably facilitated by the introduction of a nitro group in an
activating position.

The Henry reaction

H

O

NO2

Al2O3

NO2

OH

9 10 11

Scheme 6: An example of the Henry reaction.

An example of this is the Henry reaction27 which involves an aldol
condensation between a nitroalkane and an aldehyde or ketone, e. g. the
condensation of nitroethane (15) with cyclohexylcarboxaldehyde (16) to
form 3-cyclohexyl-3-hydroxy-2-nitropropane (17), a reaction that would be
impossible without the nitro group (scheme 6). 28
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The Batcho-Leimgruber indole synthesis

Another example is the Batcho-Leimgruber indole synthesis which
involves two steps. First a condensation of a 2-methylnitrobenzene (18) with
dimethyl-formamide dimethylacetal (19)29 (related to the Henry reaction)
followed by a reductive cyclization of the intermediate β-aminostyrene 20,
the result being an indole (Scheme 7). Here we again see the activating
capacity of the nitro functionality, this time felt through the phenyl ring,
enabling the proton abstraction from the ortho methyl group, forming an
anion that attacks the electrophilic carbon of the dimethylformamide
dimethyl acetal (or if pyrrolidine is added to enhance the reaction, on the
tri-(pyrrolidin-1-yl)methane that is formed in the reaction mixture).30 Here
we see another useful asset of the nitro group, namely the ease wherewith it
may be reductively transformed into an amine.

NO2

Me2NCH(OMe)2
N 
H

NO2

N

NH2

N

N 
H

H2 /RaNi

DMF

18 19 20

Scheme 7: The Batcho-Leimgruber indole synthesis.

The Reissert indole synthesis

The Reissert indole synthesis31 is a cousin to the Batcho Leimgruber
reaction because they involve the same starting material, that is a 2-
methylnitrobenzene, which is condensed with an oxalic ester under basic
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conditions to form an anion 21 of 3-(2-nitrophenyl)pyruvic ester (resonance
stabilised both by the adjacent carbonyl and the nitrophenyl ring, not
drawn). Reduction of the nitro group and decarboxylation of the indole-2-
carboxylic acid 22 then provides the indole (scheme 8).

NO2 EtO

O

O

OEt

O

O
OEt

O

O
OEt

NO2 NO2

O

O
OEt

NH2
N 
H

O

OHN 
H

KOEt 
EtOH

1. H2O
2. Zn/HCl

- CO2

21a 21b

22

Scheme 8:

The Madelung indole synthesis

Another indole synthesis, the Madelung reaction, involves the formation
of a dianion32 of a N-acyl-2-alkylaniline. A classical Medelung synthesis33 is
depicted in scheme 9, where formanilide (23) is transformed into indole (24)
by the treatment with a very strong base such as potassium amide or
potassium tert-butoxide and high temperatures, i. e 300-400 �C, or in other
words quite harsh conditions.
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N 
H

H

O t-BuOK or KNH2

360-380 ÞC N 
H

23 24

N H

O

Scheme 9: The Madelung indole synthesis.

We now ask the question: could this reaction be facilitated using the
activating properties if the nitro group?

Madelung type reactions facilitated by nitro groups

If a nitro group is introduced into the formanilide in the 3-position and
the amide proton is replaced by an alkyl group the reaction will proceed at
much milder conditions, i. e at room temperature and with potassium
ethoxide as base, provided that a bisalkyl oxalate is also added to the
reaction mixture. In scheme 10 this is exemplified by the synthesis of
geranylindole 25 from N-(3-nitro-2-methylphenyl)formamide (26). The
crucial oxalate ester is believed to act as an radical scavenger inhibiting side-
reactions (such as the dimerisation of radical anions) that otherwise
dominate the outcome.34

NO2

N 
H

H

O

NO2

N H

O

NO2

N

2. KOEt 
(CO2Et)2 
DMF

KOEt, DMSO

Br

25

26

1.

Scheme 10: Synthesis of geranylindole.

The ease with which this type of reaction proceeds is actually due to two
effects: first the activating ability of the nitro group and secondly the
protecting of the amide functionality by the alkyl group, the latter making
the formation of a dianion unnecessary.
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One could also perform the reaction sequence so as to alkylate at the
oxygene of the amide functionality, rather than the nitrogen. This would
lead us to an imidate 27 that we subsequently can treat with
KOEt/(CO2Et)2/DMF. The reaction will now end up with a 4-nitroindole
28 unsubstituted at the nitrogen (scheme 11).

The cyclization of imidates has recently been used35 for a synthethic
approach towards some very interesting marine indole alkaloids i. e.
damirones.

There exist many36 different ways of constructing the indole ring system
(i.e. the Fischer indole synthesis)37 but none is very effective in producing 4-
nitroindoles and nitration of indoles is not a viable route either.38

NO2

N 
H

H

O

NO2

N

NO2

N 
H

KOEt, (CO2Et)2

DMF

Et3O+BF4
-

OEt

27 2826

Scheme 11: The transformation of imidates to indoles.

The imidates are more conveniently prepared from simple nitro-anilines
by heating them in trialkyl orthoesters. Thus 27 can be made from 2-methyl-
3-nitroaniline 29 as shown in scheme 12.

NO2

NH2

NO2

N

HC(OEt)3

OEt
2729

Scheme 12: Synthesis of imidates

This synthesis could however not be extended to dinitro compounds
such as 30 (scheme 13), probably because the crucial anion formed becomes
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too stable and therefore too ‘long-lived’ by the effect of the extra nitro
group, providing the opportunity for other reaction pathways, such as
formation and dimerisation of radical species, to become dominant.

KOEt 
(CO2Et) 
DMF

NH2

NO2O2N

N

NO2O2N

H

OEt

NO2O2N

N
H

30

Scheme 13

The existence of such other reaction pathways could actually be useful.II
By omitting the oxalate ester (our radical scavenger) and using a stronger
base (e. g. LDA) on a substrate 31 with two ionizable methyl groups, a
different mode of cyclization was achieved (scheme 13) producing the
quinoline 32, which was identified by its known hydrolysis product 7-nitro-
2-quinolone (scheme 14).39

N OEtO2N

31

N OEtO2N

N OEtO2N N OEtN
O

O

N OEtN
O

O

N OEtO2N

32

LDA

Scheme 14:

In view of extending the indole synthesis route to the synthesis of
pyrrolo[3,2-f-]indole 33 (a compound with interesting properties for the
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construction of electrically conducting polymers40 and that also constitutes
the building block of some potent antitumor agents like CC-1065),41 the
bisimidates 34a and 34b were prepared in good yields from 4,6-diamino-2-
nitro-m-xylene (35), which in turn was obtained by selective
hydrogenation42 of the symmetrical trinitro-m-xylene 36.

Treatment of 34a with KOEt/(CO2Me)2/DMF however, only gave the
monocyclized indole 37, and in poor yield (scheme 15). The reaction also
turned out to be difficult to reproduce.

N 
H

N 
H

35

NO2

NO2O2N

NO2

NH2H2N

NO2

NN OEtEtO

NO2

NEtO N 
H

H2/Pd/C HC(OEt) 3

37

34a : R = H

34b : R = Me
3536

KOEt, (CO 2Et) 2, DMF

R R

NO2

N 
H

N 
H

33

Scheme 15:

The inability of the reaction to provide the doubly cyclized product could
be explained by the formation of the anion 38, which would have to form a
dianion to make the second cyclization, something which probably would
demand a much stronger base than ethoxide.
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NO2

NEtO N

38

NO2

NEtO N

39

SO2Ph

Figure 4:

A way to obtain 33 would then be to protect the monocyclized product
36, with e. g. a benzenesulfonyl group to circumvent the formation of the
anion 38 and then treat the thus obtained protected indole imidate 39 with
KOEt/(CO2Et)2/DMF. Due to the problems of the synthesis of 36
discussed above, this could not be tested, but instead a somewhat modified
reaction sequence was applied to more simple starting materials like 29 or
40 (scheme 16).

NH2 N 
H

29: 3-NO2
40: 5-NO2

SO2Ph
N

SO2Ph

O R

41a : 3- NO 2, R = H
41b : 3- NO 2 , R = Me 
41c : 3- NO 2, R = Et
41d : 5- NO 2 , R = H
41e : 5- NO 2, R = Me
41f : 5- NO 2, R = Et

i ii
O2NO2N O2N

42a : 3- NO 2

42b : 5- NO 2

Scheme 16: i) PhSO2Cl / pyridine / reflux; ii) RCO2H / RCO2Na / Ac2O.

The best way to prepare the mixed carboxylic sulfonic imides 41a-d was
to first make the benzenesulfonamides 42a-b and then acylate. This two step
synthesis gave excellent yields (ca 90 % overall).

The idea was now to apply the conditions (KOEt/(CO2Et)/DMF) to
these protected amides. The results of this approach were however
disappointing. Either the acyl group came off, giving the sulfonamide back
(which was the case of R=H), or no reaction at all took place (which was the
case when R=Et). This is probably due to the excellent leaving group ability
of the sulfonamide anion (stabilized by the electrondeficient nitrophenyl)
and the steric bulk of the propionyl group.
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The question might now arise: What happens if we treat an unprotected
amide like 26 with KOEt/(CO2Et)/DMF? Will we then see a Madelung
indole synthesis, proceeding via a dianion and at an temperature
somewhere between room temperature and 300 �C?

Convenient syntheses of 5- and 7-nitro-3-hydroxy-2-quinolonesI

The answer to the question stated in the preceeding pragraph is no, the
reaction will take a completely different route (outlined in scheme 16). If we
treat i. e 26 or its regioisomer N-(5-nitro-2-methylphenyl)-formamide (43)
with potassium ethoxide in the prescence of an oxalate ester, the initially
formed amide anion 44 will be acylated by the ester, whereupon the thus
formed imide 45 is again deprotonated by ethoxide, this time on the ortho
methyl group, forming the anion 46 that cyclises to an N-acyl-2-quinolone
47 which during aqueous work-up looses its acyl group and forms a 3-
hydroxy-2-quinolone 48 rather than an indole. This is logical since the ester
carbonyl of 46 is more electrophilic than either of the two amide carbonyls,
who had had to be attacked were an indole to be formed.
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- ROH
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Scheme 17: Mechanism for the formation of 3-hydroxy-2-quinolones.
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It should be added that the use of other esters like diethyl carbonate,
diethyl malonate or diethyl phtalate instead of oxalic esters only resulted in
deacylation of the starting materials.

However, this mechanism suggests that the reaction should be quite
indifferent as to the nature of the acyl group in the starting material. This
also proved to be the case, thus formyl, acetyl, propionyl or 2-chloroacetyl
all gave good yields of the quinolone.

This mode of cyclization had been observed already by Madelung,43

who could isolate as a byproduct small amounts of 3-hydroxy-2-quinolone
(49) from the synthesis of 2,2’-biindolyl (50) by the treatment of the oxalic
amide 51 with potassium amide. The formation of 3-hydroxy-2-quinolone is
believed to involve the intramolecular displacement of 2-methylanilide from
the dianion 52.44
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H 
N

O
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N 
H

O O

N
N 
H

OH
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49 52

N 
H

N 
H
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Figure 5:

The ease wherewith the synthesis of 48 proceeds (scheme 17), compared
to that of 49 by Madelung, is a combination of two effects. First we have the
activation of the methyl group by the nitro functionality present in the
amide, facilitating the formation of a reactive anion. Secondly, ethoxide is a
better leaving group than anilide making the cyclization step energetically
more favoured.

To probe the generality of the first effect, two strategies were concieved.
It was reasoned that the activation of the methyl group should be possible
by means of other activating functionalities, e. g. esters or ring nitrogens.
Especially the use of ring nitrogens seemed promising since the formation
of anions of methyl substituted N-heterocycles is a well-known and utilized
phenomenon.45
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Two candidates, benzoic ester derivative 53 and pyridine derivative 54,
were prepared from 3-amino-4-methylbenzoic acid (55) and 2,6-lutidine (56)
respectively (according to scheme 18).
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R O
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NH2
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1. EtOH, [H2SO4], heat 
2. HCO2H, reflux

N

1. HNO3, H2SO4
2. SnCl2, HCl 
3. AcOH

56 57

Scheme 18:

The cyclization of these substrates did not succeed. In the case of 53 no
formation of a dark coloured solution was observed (which was the case
when nitro activated substrates were used), not even when a strong base as
LDA was employed, implying that the anion formed might not be
effectively resonance stabilized by the ester group. In the other case,
treating the lutidine amide 54 with tert-butoxide and oxalic ester did
produce a dark coloured solution, suggesting that a stabilised anion was
indeed formed, but no cyclization occurred, perhaps because the anion was
too stable.
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The second mode of enhancing the reaction (that is using a better leaving
group) was utilised in a synthesis of the antibiotic viridicatin 57 that can be
isolated from various strains of Penicillium.46 It
consisted of the treatment of N-biphenyl-2-yl-
oxalamic acid ethyl ester (58) with potassium tert-
butoxide at 200 �C (a considerably lower
temperature than a normal Madelung reaction). The
precursor 58 was obtained by the acylation of
biphenylamine 59 with ethyl oxalyl chloride (scheme
19). Viridicatin has been synthesized before using
more circuitous approaches.47-49

A third strategi, involving the cyclization of the
known50 N-acetyl-2,6-dimethyl-3,5-dinitroaniline (60) failed as well,
probably due to the same reasons that were discussed concearning the
synthesis of indoles from imidates carrying two nitro groups.

NH2 N 
H

O

OEt

O

N 
H

O

OH

576059

Cl

O
OEt

O

t-BuOK
200ÞC

Scheme 19: Synthesis of viridicatin 57.

Maleanilinic estersII

In the synthesis of 3-hydroxy-2-quinolones described in the previous
section (scheme 18), the formation of an imide was crucial because it
provided the possibility for the reaction to proceed via a monoanion
(instead of a dianion as is the case in an ordinary Madelung reaction). And
in the synthesis of indoles from N-alkyl amides and imidates also described
above we observed that an alkyl group could accomplish the same effect. In

NH

NO2O2N

60

O
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view of this it was of great interest to investigate a reported51 synthesis of 2-
quinolone 61, which involved the treatment of the maleanilic ester 62 with
piperidinium acetate (scheme 18), a sequence that seemed to involve a
similar mechanism to those discussed in the preceeding sections, but
without the protection of the amide hydrogen. Previous investigations by
Bergman and Sand had shown that treatment of unprotected N-(2-alkyl-
nitrophenyl)amides will give tars or at best dimerized products, but not
cyclized products.38

O2N N 
H

O
O OMe

N 
H

N

O
OO2N

N 
H2

AcO

6162

Scheme 20: Synthesis of 2-quinolones.

We therefore set out to reproduce this synthesis. The maleanilic ester 62
was readily synthesized from the 2-methyl-5-nitroaniline 39 (scheme
21).52,53

O2N N 
H

O

62

O2N NH2

39

1. Maleic anhydride 
2. MeOH, [ H2SO 4] O OMe

Scheme 21: Synthesis of N-(2-Methyl-5-nitrophenyl)maleamic acid

When this ester was heated together with piperidinium acetate according
to the literature description (steam bath, 1 h), the result was not the
reported quinolone, but instead the formation, in a good yield, of the 3-
aminosuccinimide 63a was observed.
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Next, some variations of this scheme were probed: change of the position
of the nitro group from 5- to 3-position, exclusion of the acetic acid,
morpholine instead of piperidene, a stronger base like pyrrolidine, a weaker
base like indoline, all with similar results, i.e. formation of the succinimides
63b-c, 64 and 65.

O2N N

O

O

N X
N

O

O

N

NO2

O2N N

O

O

N

63a: X = -(CH2)5- 
63b: X = -CH2CH2OCH2CH2- 
63c: X = -(CH2)4-

64 65

Figure 6: 3-Aminosuccinimides formed by the treatment of 62 with secondary
heterocyclic amines.

Performing the reaction at room temperature gave the 3-
aminosuccinamic esters 66a-f (using ethanol as solvent gave the
transesterified products), and at 0�C no addition took place but a partial
isomerisation of the double bond occured, giving the fumaramic ester 67.

O2N N 
H

N

X

66a: X = -(CH2)5-, R = Me 
66b: X = -CH2CH2OCH2CH2-, R = Me 
66c: X = -(CH2)4-, R = Me 
66d: X = -(CH2)5-, R = Et 
66e: X = -CH2CH2OCH2CH2-, R = Et 
66f: X = -(CH2)4-, R = Et
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It was also found that the 3-aminosuccinimides 63-65 could be
independently synthesized (scheme 22) from the respective maleimides 68a-
b, by reacting them with an appropriate heterocyclic base in a solvent, e. g.
dimethyl formamide (DMF).

If an alcohol such as methanol or ethanol was used as solvent, ring-
opening of the imides took place resulting again in the succinamic esters
66a-f.

From these results, the following mechanistic considerations were put
forward. Heating of the ester 62 in the presence of a secondary heterocyclic
amine, could either induce the intramolecular cyclization to a maleimide
(this reaction takes place if 62 is heated in the absence of the amine) that
subsequently add the amine (as was seen above this ocurrs already at room
temperature) forming the product 63, or the reaction could take place in the
reverse order, i.e. initial addition of the amine and subsequent cyclization to
form an imide. The fact that the addition of the amine to the reacting
maleanilic ester 62 takes place (also) at room tempera-ture (without
subsequent cyclization) speaks for the second alternative as the most likely.

NH2 N

O

O

68a: 3-NO2
68b: 5-NO2

N

O

O

N X

63a: 5-NO2, X = -(CH2)5- 
63b: 5-NO2, X = -CH2CH2OCH2CH2-
63c: 5-NO2, X = -(CH2)4- 
64: 3-NO2, X = -(CH2)5-

O2N O2N O2N

Maleic 
anhydride, 
heat amine

29: 3-NO2
39: 5-NO2

Scheme 22:

Furthermore, the succinamic esters 66a-f could be cyclized to the corre-
sponding imides if heated in a solvent, for instance when attempting their
recrystallisation.

Concerning the addition of amines to maleimides, the picture becomes
somewhat more complicated if an alcoholic solvent was used. This resulted,
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as was said, in the ring-opened products 66. Mechanisticly, this reaction
could also be the result of two different pathways (scheme 23).

Since neither the amine nor the alcohol by them-selves were capable of
performing any such ring-opening reactions, it was concluded that there
must be an alkoxide present to promote this event. An alkoxide could attack
either the maleimide to form a maleanilic ester, followed by the addition of
the amine, or the amine could add first to the maleimide and then an attack
of the alkoxide on the thus formed succinimide would form the product
(scheme 23).
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Scheme 23:

The presence of an alkoxide in the reaction pathway is consistant with
the following observations:

• A less basic amine, like indoline [pKa≈5]* (compared to piperidine
[pKa=11.1]*, morpholine [pKa=8.3]* or pyrrolidine [pKa=11.3]*), does not
produce the ring-opened product but the succinimide 65, indicating that the
equilibrium for formation of alkoxide anions is unfavourable.

                                                       
* pKa of the protonated amine
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• Methanol [pKa=15.2] and ethanol [pKa=15.9] give together with
piperidine, morpholine or pyrrolidine the ring-opened products 66a-f,
whereas tert-butyl alcohol [pKa≈17] does not, but the succinimides 63 are
formed.

It should also be added that addition of amines to maleimides has been
described in the literature on several occasions.54-68

Of all the reactions leading to 3-aminosuccinamic esters described above,
only in the case when pyrrolidine was the reacting amine, were the isomeric
2-aminosuccinamic esters 69a,b formed as well, e. g. the reaction of
maleanilic ester 62 or the maleimide 68 with pyrrolidine in ethanol gave a
mixture of the 3-amino compound 66f and the 2-amino compound 69b.

N 
H

O

68a: R = Me
68b: R = Et

O2N
OR

O

N

Figure 8:

These isomers had very different physical properties. For example they
had different polarity (69a-b being more polar than 66c-f) making their
chromato-graphic separation on silica gel a very easy task. Also their
appearance in various spectra had distinct differences.
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Figure 9: X-ray structure of the 3-piperidinyl-succinamic ester 66a.

Compound 66a could be crystallized and its structure determined by X-
ray crystallography (figure 10). It cocrystallized with 1/2 molecule of
solvent (diisopropyl ether). The structures of 66b-f was then assigned by
their similarity in physical properties and spectral features with 66a.

The 3-aminosuccinimides that carried an ortho methyl on the phenyl ring
(that is 63a-f and 64, 65) featured a hindered rotation69 around the imide-
nitrogen-to-phenyl-ring bond, a phenomenon that has also been observed
by other researchers.60,70 The rotational barrier was estimated (from its
coalescence as observed by 1H NMR at ca 120 �C) to be 82 kJ/mol, which
implies that the rotamers interconvert at room temperature, but slow
enough to be observed with NMR.

From these results it was pretty clear that the reported cyclization do not
occur under the conditions given. This was especially so since the data
given for the assumed product 61 was very far from resembling those of our
product 63a. However this is not a proof that the original synthesis was
wrong. There could be some critical parameter, that we were not aware of,
that differed between our synthetic procedures.
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This prompted us to make compound 61 by an independent route.
Starting from commercially available 2-indanone, the quinolone 61 could be
prepared in a 5 step synthesis as outlined in scheme 24.

N 
H

O2N O

O

N

60

O O O
O2N

O O
O2N N

i, ii iii

iv, v vi

OH
O

OH
O

Scheme 24: Synthesis of 61 utilizing the Schmidt reaction. i) HCOCOOH, dioxan,
[H2SO4]; ii) Zn, HOAc, H2O; iii) HNO3; iv) (COCl)2; v) piperidine; vi) NaN3,

H2SO4, benzene.

Condensation of 2-indanone with glyoxalic acid gave (1-oxo-indan-2-
ylidene)-acetic acid which was reduced with zinc in acetic acid. The acid
thus obtained was nitrated to give the known71 compound 70, which was
converted to an acid chloride (not isolated) that was used to acylate
piperidine. In the final step a Schmidt reaction51 provided the desired
product. Comparison of the spectral data of our compound 61 with those of
the literature52 (which were quite different) convinced us that ours is the
first synthesis of this compound.



Nitrations of aromatic amines

DiazoquinonesIII

In this section will be discussed the synthesis of a number of
diazoquinones72 (also called quinone diazides, diazo anhydrides, diazo
oxides), a class of substances that takes an intermediate position between
their aromatic and aliphatic relatives. Thus, they may undergo the same
reactions as diazonium salts, aliphatic dizoketones or diazoalkanes do,
depending upon the structure of the diazoquinone and the conditions used.

This behaviour mirrors their special structural features. They can be
divided into two groups based on the two possible positions of the oxygen
relative to the diazo group, that is para-diazoquinones (71) and ortho-
diazoquinones (72), which both should be viewed as resonance hybrids
with one aromatic 71a, 72a and one quinoid 71b, 72b structure as the two
most important contributors (figure 12).
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Figure 10: Structures of diazoquinones

The most important syntheses of diazoquinones are diazotation of
hydroxy anilines (eq. 1)73 and treatment of toluenesulfohydrazones with
base (eq.2).74 Other routes include nitrosation of phenols (eq. 3)75 and
hydroxylation of diazonium compounds (eq.4).76 It might be added that it
has been shown that phenolics in food react with nitrite under gastric
conditions to produce mutagenic diazoquinones.77
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A few preparations of diazoquinones by direct nitration of aromatic
amines are described in the literature (figure 12).78-81
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Figure 11: Some diazoquinones prepared by nitration of aromatic amines.
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In the syntheses of indoles and quinolones as well as the chemistry with
maleic acid derivatives, discussed so far, various mononitrated 2-
alkylanilines were the starting point and these were all cheap commercially
available materials. It was therefore of interest to prepare some of the non-
commersial dinitro 2-alkylanilines, i.e. 73, 74 and 75, in view of extending
the scope of those syntheses.
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Figure 12:
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Compound 73 had been prepared by Ibbotson and Kenner,82 by a
Zinin83 reduction of the trinitro derivative, a synthesis that gave a very
poor yield in my hands. In the literature was also described the synthesis of
74 by Noelting and Teshmar50 via nitration of the corresponding acetyl
protected 2,6-dimethylaniline, i.e. 60 and subsequent hydrolysis to remove
the acetyl group. In an attempt to make these compounds, direct nitration
of the corresponding amines was tried. However, the outcome was quite
different from what was expected.

Nitration, with nitric acid, of 2,6-dimethylaniline (76) gave after
recrystallisation a yellow compound that exploded at approximately 170 �C
(when heated on the Kofler bench). In the IR spectra there appeared an
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intensive absorption at 2145 cm-1 indicating the presence of a triple bond in
the structure. Furthermore the 1H NMR spektrum featured only one signal
at 2.36 ppm and the 13C NMR spektrum consisted of 5 signals. These data
pointed towards the diazoquinone structure 77 which was also confirmed
by X-ray crystallography (figure 14).

Similar nitration of 2,6-
diethylaniline and 2-methyl-5-
nitroaniline gave the corre-sponding
diazoquinones 78 and 79, whose
structures could also be determined by
X-ray crystallo-graphy.

To explain the facile prepa-ration of
these heavily substituted compounds
from the simple starting materials, the
following scheme was proposed
(exemplified by the formation of 77 in
scheme 25). The formation of the
mononitro aniline 80 by the action of
nitric acid on 77 is known long since

and could also readily be repeated.84 The next step however, that is the
formation of a dinitro xylidine 81, could not be achieved by nitrating 77
with two equivalents of nitric acid (a procedure that gave a complex
mixture from which small amounts of the diazoquinone 77 could be
isolated).

This indicated that a subsequent step in the reaction pathway was faster
than the formation of 81 so as to deplete the concentration of this species,
something which is not surprising since the nitration of the deactivated
substrate 80 indeed should be quite tardy under the conditions used
(concentrated sulfuric acid, 0-15 �C).

Such a relatively fast reaction is the N-nitration of 81 to form an N-
nitramine which in the very acidic medium rapidly should undergoe a
nitramine rearrangement, the result of which would be the 2,6-dimethyl-
3,4,5-trinitroaniline (82). This intermediate could not be detected either,

Figure 13: X-Ray Structure of 77.
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probably beacause of a second N-nitration taking place to form the
tetranitro derivative 83, which in fact could be isolated, provided the work-
up procedure was slightly modified.

The original procedure consisted of pouring out the reaction mixture
(now at room temperature) onto ice and then collect and recrystallize the
solid obtained. However, the yield of this procedure was generally low and
it could be observed that exothermic degradation (with the formation of
gases and tars) took place in the ice/water mixture, a reaction that could
become quite violent if to small a quantity of ice was used.
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Scheme 25:

If instead, the reaction mixture was cooled down to -40 �C and then
poured out on a large amount of ice, no degradation was observed and an
excellent yield of the nitramine 83 (but rather unpure) could be isolated.
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Subsequent heating of this product in acetonitrile, gave a good yield of the
diazoquinone. This transformation of nitramines to diazoquinones by
heating in a solvent, has also been described by Wilson et al.85

A second variation of the work-up procedure gave another interesting
result. If the cooled reaction mixture was poured into methanol or ethanol
(also cooled to -40 �C)a instead of onto ice, the O-alkylated nitramine
derivatives 84 and 85 (existing in solution as the E/Z isomers in a ratio of
4:1) were formed. Compound 84a could also be independently prepared by
alkylation of 83 with diazomethane (giving also, as a minor sideproduct, the
N-methyl-nitramine 86). Furthermore, 84 could be crystallized and
subjected to X-ray crystallography, thus indirectly confirming the structure
of the intermediate 83.
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N-Nitramines, as well as their O- and N-alkylated derivatives have been
known since the late 19th century.86-90 Also the existance of E/Z-isomerism
of these compounds was recognised early,91,92 but it was not until the
advent of modern spectroscopic methods that they could be studied more
thoroughly, and nowadays these isomers may be distinguished using IR93

or NMR.94 Both methods were consistent with the assignment of the E-
isomers as the predominating species of 84 and 85.

                                                       
a CAUTION: If the alcohol is not cooled enough or if to small a quantity of it is

used, a very violent reaction may take place!
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The transformation of 83 into the diazoquinone 77 proposedly occur by
way of a nitro-nitrito rearrangement. The tetranitro derivative 83 is unstable
at room temperature and after storage for a couple of weeks, it is
transformed to the diazoquinone.

Rather little is known of the nitro-nitrito rearrangement but its involv-
ment in various processes has been suggested by several authors (figure
16).

Thus, in the formation of picric acid from 2,4-dinitrobromobenzene in
melts of quaternary ammonium nitrates, Gordon invoked 2,4-dinitro-
benzenenitrite 87 as the key intermediate, which was supposed to arise
from nucleophilic displacement of bromide by a nitrite ion.95

Figure 14: X-Ray structure of N-nitramine 83.

A very similar mechanism was presented by Sitzmann in the reactions of
3,5-dinitrotriazoles with picryl chloride, which produced 1-picryl-3-nitro-
1,2,4-triazol-5-one, and was proposed to proceed via the nitrito-triazole
88.96 Similarly, Reid proposed 89 as an intermediate during the
photochemical transformation of 2-nitrofuran to the oxime derivative 90.97
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Decomposition of gem-dinitro compounds, e. g. 2,2-dinitropropane to
aceton,98,99 or 3,3,5,7-tetranitro-oxindole to 5,7-dinitroisatin (see next
section) also seem to involve nitro-nitrito rearrangements.

 It should be noted that the intermediate nitrito derivatives has never
been isolated, but there is a claim of an observation of such an intermediate
91 with NMR.100 There has also appeared several theoretical treatises
suggesting the possibility of this reaction.101,102 Compare also with the
mechanistic suggestion provided by Scilly et al. for the formation of ortho-
diazoquinones from N-nitramines.81

Some transformations of the diazoquinones were also made (scheme 25).
Heating  77 in strong acid would provide, we anticipated, a route to some
novel indazoles (a reaction known to take place with 2-alkyldiazonium
salts)103-105 but either decomposition or if triflouromethanesulfonic acid
(TFA) was used, substitution of the diazo group for a triflouromethane
sulfonate occurred.
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Figure 15: Structures in connection with the nitro-nitrito rerrangement

The compound 92 formed was further characterized as its O-methylated
derivative 93. Similar substitutions are known to take place when diazo
compounds are heated with flourosulfonic acid.106

We therefore applied the conditions to a more simple reactant, that is p-
nitrodiazonium tetrafluoroborate, and could isolate a product that in every
way corresponded with the known107,108 compound p-nitrophenyl triflate.
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When subjected to hypophosphorous acid at 75 �C the diazo group was
reduced and replaced by hydrogen forming the phenol 94 (which is the
standard way of accomplishing this transformation of ‘normal’ diazo
compounds).109 Finally the diazoquinones underwent the Staudinger
reaction74 in high yields to form the corresponding phosphazines 95 and 96

Figure 16: Structure of phosphazine 96.



Thomas Brimert, Thesis KTH 1998

42

OSO2CF3

NO2

OH

O2N

OSO2CF3

NO2

OMe

O2N

92

93

N

O

RR

NO2O2N

N

RR

NO2O2N

95: R=Me 
96: R=Et

N

PPh3

N

PPh3

O

NO2

OH

O2N

94N2

O

NO2O2N

TfOH 
150 ÞC H3PO2

CH2N2

PPh3

77

Scheme 26: Transformations of diazoquinones.

The phosphazine 96 crystallized nicely and could be subjected to X-ray
crystallography (figure 18).

As can be seen from examples in the figures 14, 15 and 17,  the nitro
groups in these highly substituted compounds are forced more or less
completely out of plane with the carbocylic ring, implying, in line with what
was discussed in the chapter on structures of nitro compounds, that
resonance effects should be severely diminished, if not totally inhibited.
This could help us to understand some of the chemistry observed with
these compounds. Especially the reluctance to react on the flanking alkyl
groups to form indazoles are indications of this.
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Synthesis of heterocyclic gem-dinitro compoundsIV

N 
R

O2N
NO2

O

NO2

O2N

98a: R = H
98b: R = Me
98c: R = Et

Figure 17: Tetranitrooxindoles.

With the knowledge in the field of nitrations, gained from the studies of
diazoquinones, the attention was now turned towards the nitration
heterocyclic amines with active methylenes. Especially the nitration of
oxindoles was revisited. In the literature several reports of the nitration of
oxindole (97) have been published saying that mono- or dinitro- derivatives
could be prepared in this manner. However, the fact (observed by us) that
nitrations of oxindole give, as a by-product, small amounts of 3,3,5,7-
tetranitrooxindole (98a) was not mentioned. This compound had probably
not been observed in the previous investigations due to the fact that it is
sensitive to the work-up procedures, e. g. is the acetonyl derivative 99
formed in the recrystalli-sation of 98a from acetone (figure 19).

However, 3,3,5,7-tetranitrooxindole (98a), N-methyl-3,3,5,7-tetra-
nitrooxindole (98b) and N-ethyl-3,3,5,7-tetranitrooxindole (98c) could all
be conveniently prepared in good yields by direct nitrations of the
corresponding oxindoles provided that certain measures were taken.

Nitration with a slight excess of nitric acid in sulfuric acid or in a
mixture of triflouroacetic acid (TFA) and sulfuric acid, gave precipitation
of the product from the reaction mixture. This solid could be collected
directly on a glass filter and preferably washed with TFA, or alternatively
the reaction mixture could be cooled and poured into ice, keeping the
tempoerature below 5 �C, to give the tetra-nitrooxindoles.

N 
H

HO

O

NO2

O2N

O

99
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The gem-dinitro compounds are relatively unstable and i.e. 99a
decomposes slowly, forming 5,7-dinitroisatine, when heated somewhat
above room temperature a transformation that can be followed in an NMR
tube at 80 �C (the reaction is complete within 15 minutes). The reaction
probably proceed via a nitro-nitrito rearrangement (see scheme 27, and
compare also with the previous discussion about the formation of p-
diazoquinones).

Similarly, nitrations of the pyrazolones 100a-b  gave the corresponding
gem-dinitro compound 101b.

N 
H

O2N
NO2

O

NO2

O2N

N 
H

O
NO2

O

NO2

O2N

N 
H

O

NO2

O2N
O

98a

- NO+

- NO2
-

heat

NO

Scheme 27: Nitro-nitrito rearrangement of 99a.

Only a few active methylene compounds have been converted directly
into gem-dinitro compounds. Thus, diethyl malonate has been transformed
to diethyl dinitromalonate110 and also the formation the trinitro pyrazolone
102 was reported from the extensive studies of the analytical reagent111

picrolonic acid 100b by Knorr et al.112-114
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R

101

N

NO2

NO

O2N

O2N

102



Mono- and gem-Dinitrations en route to Heterocycles

45

Recently, the nitration of cyclopentenecarboxaldhyde 103 with cerium
ammonium nitrate (CAN) in acetonitrile, was reported to give the oxime
(104).115

N
NO2

NO2

O H HO
CAN
CH3CN

103 104

Scheme 28: A reported synthesis of a gem-dinitro cyclopentane.

Other approaches towards syntheses of gem-dinitro compounds are the
Ponzio reaction116 and the alkylation of dinitromethane salts.117

The gem-dinitro compounds now obtained were reacted with some
organic and inorganic bases, the result of which are summarised in scheme
28.
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Scheme 29:Pathways for the rections of gem-dinitro heterocycles with nucleophiles.

The mechanisms for the formation of these products will now be
discussed briefly. Two scenarios can be envisioned, depending upon wether
the ring-nitrogen is substituted or not. Initially, the attack of a nucleophile
should take place on the electron deficient carbonyl carbon, or if the ring
nitrogen is, the acidic proton will be abstracted. In the former case, the
stabilised ArNR- could act as a leaving group and a 2-(2-amino-3,5-
dinitrophenyl)-2,2-dinitroacetate 105 will be formed that rapidly
decarboxylates to form a dinitromethane salt 106 which is isolated, or if an
acidic proton was abstracted, the dinitromethyl group could act as a leaving
group and the formation of an isocyanate 107 (not isolated) would be the
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result of this. The nucleophiles may then add to this isocyanate to form the
ureido products 108.
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O2N
NO2

NR'2O

H2NR'2

R = H

106

104 105

107

R
R

Scheme 30: Mechanisms considered in the reactions of tetranitrooxindoles with
nucleophiles.

In the case of the raction of N-methyl-3,3,5,7-tetranitrooxindole 98b with
secondary amines, the mode of reaction became quite different. Attack on
the carbonyl is probably less facile, due to steric interactions and instead the
amine added to the aromatic ring. This could be explained as outlined in
scheme 30.

The relatively stable Meisenheimer complex 109, which is in equlibrium
with the reactants, may displace one of the nitro groups of the gem-dinitro
functionality as a nitrite. Subsequent loss of the ipso proton restores the
aromaticity in the benzene ring and another stable intermediate, i.e. the
anion 110, forms. The fate of this species could then be either attack on the
carbonyl and ring ruption yielding the product 111, or formation of a ketene
that is attacked by the amine, giving the same product.
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Scheme 31: Mechanism for the reaction of 98b with secondary amines.

The salts obtained by the reactions discussed above or the corresponding
acids could be transformed into a range of heterocycles (scheme 32).. Thus,
treament of the potassium salt 112 with formalde-hyde or acetaldehyde in
acetic acid gave the indoles 113a and 113b. Alternatively, the corresponding
acid of 112 provided 3,5,7-trinitroinda-zole 114, when heated in chloroform.
Furthermore, the ureido derivatives 115a-c cyclized, yielding the
corresponding benzoxazinones 116a-c.

The trinitroindoles, and the trinitroindazole were identified by the
comparison with authentic samples whereas the benzoxazinones could be
synthesized indepently via two different routes (scheme 33).
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Scheme 32: Syntheses of some heterocycles from dinitromethane derivatives.

Both nitration of the 2-dimethylaminobenzoxazinone 117, obtained from
the treatment of anthranilic acid (118) with Viehe’s reagent,118 and nitration
of the carbamate 119 gave the benzoxazinone 116a, enabling the other
compounds in the series to be identified by their spectral similarities.
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Scheme 33:Three routes to benzoxazinones.

Concluding remarks

This thesis has discussed, besides some general ideas of synthetic organic
chemistry and the fundamental chemistry of nitro compounds, some novel
synthetic methods, that provide routes not only to a range of polynitrated
substances, but also to variuos heterocyclic systems, e. g. indoles, indazoles,
quinolines  and benzoxazinonones.



Mono- and gem-Dinitrations en route to Heterocycles

51

Acknowledgements

First of all I would like to thank my supervisor professor Jan Bergman. I
have appreciated your availability very much. You always had an answer
or at least a suggestion to all my stupid questions, not to mention all the
mysterious spectra I produced.

I would like also to thank professors Torbjörn Norin and Jan-Åke
Gustavsson as representants of the Royal Institute Technology and the
Department of Biosciences respectively, for providing all facilities that were
necessary.

Thanks especially to Tomas Gustavsson! When we were 12 years old,
you became my best freind and first chemistry teacher. You initiated me in
the basics of pyrotechnology, something I’m still working on apparently.
Thank you very much, all of my colleges: Jocke, Daniel, Eva, Hasse,
Magnus, Göran, Tomazs, Anette, Stanley, Michaela, Janna, Robert, Spiros,
Per, Niklas (särskilt ni som korrekturläste). Tack Solveig för det uppigande
kaffet, Ingvor för administrerandet och alla mina lärare: Rolf, Rolf, Björn,
Tobbe, Jonas, Alex, m fl.

Ett speciellt tack även till J-O för de spirituella diskusionerna och alla
kopiorna. Tack även till alla andra som vill ta åt sig.





Supplementary material

4,6-Di(ethoxymethyleneamin)-2-nitro-m-xylene (34a)
4,6-Diamino-2-nitro-m-xylene (35) (6.9 g, 38 mmol) and triethyl

orthoformate (36 ml) was refluxed for 6 hours. Upon cooling (to 5 �C) the
product crystallizes in the reaction mixture and could be collected by
filtration and washed with chilled diisopropyl ether. This yielded pale
yellow needles 7.9 g (71 %). Mp 157-158 �C. IR (KBr): 2983, 1642, 1524,
1244, 747 cm-1. 1H NMR (CDCl3): δ 7.60 (2H, s), 6.33 (1H, s), 4.32 (4H, q),
2.09 (6H, s) 1.36 (6H, q). 13C NMR (CDCl3): δ 154.9 (d), 153.2 (s), 145.7 (s),
117.8 (s), 112.4 (d), 62.5 (t), 13.9 (q), 11.9 (q).

4,6-Di(1-Ethoxy-ethylideneamino)-2-nitro-m-xylene (34b)
4,6-Diamino-2-nitro-m-xylene (35) (1.8 g, 10 mmol) and triethyl

orthoacetate (14 ml) was refluxed for 3 hours. The excess ortho ester was
then removed under reduced pressure and the resulting solid recrystallized
from ethanol, giving 2.3 g (73 %) of yellow-brown needles. Mp 93-94 �C.
IR(KBr): 2988, 1663, 1531, 1372, 1269,1055 cm-1. 1HNMR(CDCl3): δ 6.08
(1H, s), 4.18 (4H, q), 1.93 (6H, s) 1.74 (6H, q), 1.29 (6H, q). 13CNMR(CDCl3):
δ 161.7 (s), 153.5 (s), 146.8 (s), 114.5 (s), 114.4 (d), 61.7 (t), 16.4 (q), 14.1 (q),
12.0 (q).

N-(5-Methyl-4-nitro-1H-indol-6-yl)-formimidic acid ethyl ester (36)
Potassium (0.66 g, 17 mmol) was dissolved in ethanol (15 ml) under a

nitrogen atmosphere whereupon the ethanol was removed under reduced
pressure. The ethoxide thus obtained was dissolved in DMF (10 ml) and
added dropwise to a cooled (0-5 �C) solution of diethyl oxalate (2.3 ml, 17
mmol) in DMF (5 ml). The resulting solution was then added dropwise to a
cooled (0-5 �C) solution of 4,6-Di(ethoxymethyleneamin)-2-nitro-m-xylene
(34) (1.50 g, 5.1 mmol) in DMF (10 ml). After the addition the reaction
mixture was heated at 35-40 �C during 3.5 h, then left to cool down and
finally poured out on water (100 ml). After 16 hours a crude product (0.75 g)
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could be collected. Recrystallization from ethanol gave the starting material
back, whereas recrystallization (0.25 g of the crude product) from toluene
gave the red product (42 mg, 10 %).

Mp: 138-140 �C. IR (KBr): 3226, 1633, 1515,, 1241, 778 cm-1. 1H NMR
(CDCl3): δ 8.47 (1H, s), 7.64 (1H, s), 7.24 (1H, m), 6.98 (1H, s), 6.72 (1H, m),
4.40 (2H, q), 2.46 (3H, s), 1.42 (3H, t). 13C NMR (CDCl3): δ 154.7 (d), 143.1
(s), 142.5 (s), 135.3 (s), 126.1 (d), 120.2 (d), 119.2 (s), 106.0 (d), 101.3 (d), 62.7
(t), 14.3 (q), 14.1 (q).

N-(2-Methyl-3-nitro-phenyl)-benzenesulfonamide (42a)
2-Methyl-3-nitroaniline (1.0 g) and benzenesulfonyl chloride (1.2 g) was

mixed in pyridine (15 ml) at 70-80 �C for 30 min. The formed pyridine
hydrochloride was removed by filtration and the filtrate poured into dilute
hydrochloric acid, resulting in a precipitation of the product, which was
collected, washed with acetic acid and water, yield 1.62 g (84 %). Mp: 112
�C. IR (Kbr): 3261, 1529, 1464, 1447, 1399, 1344, 1185, 1152, 1093, 867, 738,
724, 589, 545 cm-1.

N-(2-Methyl-5-nitro-phenyl)-benzenesulfonamide (42b)
2-Methyl-5-nitroaniline (10 g), benzenesulfonyl chloride (12.0 g) and

pyridine (50 ml) was refluxed 2 h, whereupon sodium carbonate (8.0 g) was
added and the mixture refluxed another 2 h. When cool, the solids were
removed and the solution poured into water and left standing over night.
The sulfonamide was then collected and washed with water. Yield 16.98 g
(88 %). Mp: 170-171 �C. IR (KBr): 3233, 1520, 1347, 1324, 1159, 1089, 738,
688, 604, 561 cm-1.

N-Formyl-N-(2-methyl-3-nitro-phenyl)-benzenesulfonamide (41a)
The sulfonamide (8.90 g, 30 mmol) was treated as in the synthesis of 41a.

Yield 9.62 g (99 %). Mp: 121 �C. IR (KBr): 1712, 1528, 1369, 1352, 1176, 724,
607 cm-1. 1H NMR (DMSO-d6): δ 9.36 (1H, s), 8.03 (1H, d, J=8.4 Hz), 7.91-
7.52 (6H, m), 7.48 (1H, t, J=8.1 Hz), 7.09 (1H, d, J=7.9 Hz), 1.92 (3H, s). 13C
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NMR (DMSO-d6): δ 161.4 (d), 150.7 (s), 136.4 (s), 135.2 (d), 134.7 (d), 132.6
(s), 132.5 (s), 130.0 (d), 128.3 (d), 127.8 (d), 125.9 (d), 13.4 (q).

N-Formyl-N-(2-methyl-5-nitro-phenyl)-benzenesulfonamide (41d)
The sulfonamide (2.92 g, 10 mmol) was mixed (2 h, room temperature)

with sodium formate (0.68 g, 10 mmol), formic acid (0.46 g, 10 mmol) and
acetic anhydride (1.02 g, 10 mmol) in diethyl ether (5 ml) and DMF (10 ml).
The solid product 3.10 g (97 %) was then collected and recrystallized from
methanol. Mp: �C. IR (Kbr) 3233, 1707, 1519, 1363, 1348, 1175, 726, 608 cm-1.
1H NMR (CDCl3): δ 9.29 (1H, s), 8.16 (1H, dd, J=8.1 Hz, J’=1.9 Hz), 7.77-7.44
(7H, m), 2.07 (3H, s). 13C NMR (CDCl3): δ 160.1 (d), 146.7 (s), 146.3 (s),
136.8 (s) 135.1 (d), 132.0 (d), 131.6 (s), 129.6 (d), 127.6 (d), 125.1 (d), 124.8 (d),
18.0 (q).

General procedure for the synthesis of 41c-f.
The appropriate sulfonamide (42a or 42b, 3 g, 10 mmol) was refluxed in

the appropriate acid anhydride (10 ml) during 24 h, wherupon it was
poured out into water. The solid formed, was collected and recrystallized
from 2-propanol.

N-Acetyl-N-(2-methyl-3-nitro-phenyl)-benzenesulfonamide (41b)
Yield 3.03 g (88 %). IR (Kbr) 1712, 1698, 1529, 1364, 1354, 1168, 861, 554

cm-1. 1H NMR (CDCl3): δ 8.11 (1H, d, J=8.0 Hz), 8.01 (2H, d, J=8.7 Hz), 7.84-
7.58 (5H, m), 2.41 (3H, s), 1.82 (3H, s). 13C NMR (CDCl3): δ 169.4 (s), 150.8
(s), 136.2 (s), 137.2 (s), 134.6 (d), 134.5 (d), 132.9 (s), 129.2 (d), 128.7 (d), 128.1
(d), 125.9 (d).

N-Propionyl-N-(2-methyl-3-nitro-phenyl)-benzenesulfonamide (41c)
Yield 1.71 g (48 %). IR (Kbr) 1714, 1526, 1354, 1163, 855, 610, 568 cm-1. 1H

NMR (CDCl3): δ 8.11 (1H, dd, J=8.0 Hz, J’=1.1 Hz), 8.05 (2H, dd, J=8.9 Hz,
J’=1.4 Hz), 7.80-7.58 (5H, m), 2.41 (3H, s), 2.15-1.92 (2H, m), 0.81 (3H, t, J=7.1
Hz).13C NMR (CDCl3): δ 172.5 (s), 150.6 (s), 138.4 (s), 136.7 (s), 135.0 (d),
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134.4 (d), 133.1 (s), 129.1 (d), 128.9 (d), 128.1 (d), 125.0 (d), 29.2 (t), 14.3 (q),
7.9 (q).

N-Acetyl-N-(2-methyl-5-nitro-phenyl)-benzenesulfonamide (41e)
Yield 3.27 g (85 %). IR (Kbr) 1707, 1525, 1364, 1343, 1268, 1171, 730, 578

cm-1. 1H NMR (CDCl3): δ 8.30, (1H, dd, J=8.4 Hz, J’=2.5 Hz), 8.12 (1H, d,
J=2.4 Hz), 8.00 (2H, dd, J=7.8 Hz, J’=1.9 Hz), 7.84-7.67 (4H, m), 2.41 (3H, s),
1.86 (3H, s). 13C NMR (CDCl3): δ 169.3 (d), 146.7 (s), 146.4 (s), 136.2 (s), 136.1
(s), 134.5 (d), 132.4 (d), 128.2 (d), 128.7 (d), 125.0 (d), 124.7 (d), 24.3 (q), 16.1
(q).

N-Propionyl-N-(2-methyl-5-nitro-phenyl)-benzenesulfonamide (41f)
Yield 2.15 g, (60 %). IR (Kbr) 1713, 1526, 1364, 1346, 1166, 1088, 727, 589

cm-1. 1H NMR (CDCl3): δ 8.29 (1H, dd, J=9.4 Hz, J’=2.4 Hz), 8.14 (1H, d,
J=2.3 Hz), 8.03 (2H, d, J=7.4 Hz), 7.83-7.67 (4H, m), 2.41 (3H, s), 2.23-1.82
(2H, m), 0.81 (3H, t, J=7.1 Hz). 13C NMR (CDCl3): δ 172.4, (s), 146.7 (s),
146.5 (s), 136.4 (s), 135.6 (s), 134.4 (d), 132.4 (d), 129.2 (d), 128.8 (d), 125.1 (d),
124.6 (d), 29.1 (t), 16.0 (q), 7.9 (q).
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